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ABSTRACT
This thesis analyzes the  characteristics of 522 studen ts who were 
aw arded CSM graduate degrees betw een Fall 1988 and Spring 1991. Four 
m easures are calculated in  determ ining the tim e to complete a degree. The 
m easures are  a ttem pted  hours taken , thesis hours taken , term s taken, and 
calendar tim e to complete a  degree. Inform ation about a  studen t's  major, 
degree, residency, citizenship, fu ll/part tim e s ta tu s , financial aid, program  
type, hours, term s, sponsorship, and  tim e to complete the  degree is 
included. S tatistics are computed for each characteristic to te s t for 
differences betw een groups. I t  is found th a t  some characteristics cause 
studen ts to take  fewer or g rea ter num bers of hours, thesis hours, term s, or 
years to complete the  degree.
U sing the  inform ation obtained from the  statistics, two sim ulation 
models a re  created. The sim ulations are dependent upon the  type of 
support the  studen t receives and the  full/part tim e sta tu s . V ariations are 
done on the  sim ulations: changing the  percentages of fu ll/part tim e 
studen ts has little  effect upon the  hours for a degree, b u t decreasing the 
hours for p a rt tim e studen ts begins to quickly drop the  hours for a  degree. 
This study w as done for the  CSM G raduate School to provide background 
inform ation for possible changes to the  fu ll/part tim e ru le  and  tu ition  
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The 1990 -1992 CSM Bulletin sta tes the following regulations:
E ach sem ester, persons w ishing to enroll as part-tim e 
studen ts m ust supply the  G raduate School w ith  a  le tte r  from 
th e ir employer or supervisor s ta ting  th a t they  work a t least 32 
hours a week. (CSM Bulletin 1990, 35: 51).
A full-time studen t is required to reg ister for 15 sem ester 
hours each sem ester. However, i t  is not recom mended th a t 
firs t sem ester students, or studen ts w ith assistan tsh ips, 
reg ister for 15 hours of coursework. The difference betw een 
course hours and 15 hours is m ade up by reg istering  for thesis 
hours. A part-tim e studen t is required to reg ister for a 
m inim um  of th ree  sem ester hours per sem ester beginning 
w ith the  date of entrance to the  G raduate School and 
continuing w ithout in te rrup tion  un til graduation. (CSM 
Bulletin 1990, 35: 52).
In  early  F ebruary  of 1991, Dr. A rt Kidnay, D ean of the  CSM G raduate 
School requested  help w ith  a  project: "A lternate enrollm ent options are 
sought which would allow fairness to all g raduate  studen ts and  one th a t  
will no t h inder the  school's economic stability." A com m ittee w as formed to 
address th is  issue. In  considering economics the  num ber of hours is very 
im portan t because the  S tate  of Colorado bases its  funding on the  num ber of 
hours registered. As a basis for the  project a  lis t of questions was generated 
about th e  cu rren t situation. Issues m entioned included how m any hours 
are  actually  completed for a  degree, how students are  funded, etc. I t  was 
decided th a t  a  study was needed on th e  backgrounds of cu rren t g raduates to
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gain background inform ation on th is  issue. The study would m easure 
a ttem pted  hours, thesis hours, term s, and  the calendar tim e studen ts take 
for a  degree. The num ber of a ttem pted  hours is the  num ber of hours 
registered  for a t the beginning of a  sem ester; th is is the  num ber upon 
which the  sta te  bases its  funding. Term s could be e ither p a rt tim e or full 
tim e term s. The tim e for a degree would be m easured as the  tim e from the 
s ta r t  of the  first g raduate course to th e  end of the  sem ester in  which the 
degree was awarded. According to the  G raduate School no such study had 
been done; ne ither had  the  Colorado Commission on H igher Education 
calculated such data .
The da ta  to perform  such a study were available on two different 
com puter system s a t CSM. The project se t out to ga ther the  data , assemble 
the  da ta  in  a  database for statistics, and  then  set up a sim ulation model of 
th e  process.
L ittle  inform ation on factors affecting the tim e tak en  for a  degree has 
been published and  m ost studies are  specific to a particu la r school. One 
recen t study w as found which uses inform ation from a large national 
database. M ost of the studies use a  standard  regression equation to 
determ ine significant variables for the  tim e taken  for a  degree. Realizing 
the  shortage of articles, the  following annotated  bibliography contains 
references of p e rtin en t articles.
1. Tuckm an, Howard, Susan  Coyle, and  Yupin Bae. 1990. On Time to the 
Doctorate. A study of the  Increased Time to Complete D octorates in
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Science and E ngineering. W ashington D. C.: N ational Academy 
P ress .
This study was the  m ost complete and m ost recent available. The 
completion tim e to the  doctorate is calculated w ith  da ta  from 1967 to 1986, 
using  an  aggregate tim e-series database. The d a ta  used were from the 
Doctorate Records File and the  Survey of Doctoral Recipients from the Office 
of Scientific and  Engineering Personnel of the N ational Research Council. 
The study concentrates on five m ain areas to obtain variables for regression 
equations. These areas are  family background characteristics, s tuden t 
a ttrib u tes , tu ition  and  financial aid, in stitu tiona l environm ent and  policies, 
and  m arke t forces (Tuckman, Coyle, and  Bae 1990, 2). Forty-one variables 
were generated  from these areas.
This study defined the to tal tim e to the  doctorate as the  tim e from the 
completion of the  undergraduate  degree to the  completion of the  doctorate. 
This tim e is th en  fu rther broken down into registered tim e to degree, tim e 
prior to g raduate  school entry, and  tim e not enrolled in  g radua te  school. 
Regression models were created for each of these four tim e variables and 
the  F  te s t and  adjusted R squared were used to determ ine the level of 
significance. Zero order correlations were also tested  a t  the  1% and  5% 
levels. A possible problem  w ith th is  analysis is tim e series problems.
This study tried  to find a reason for an  increase in  the  to ta l tim e to 
completion of the  doctorate. Given the  large num ber of variables, relatively 
good correlations (R squared > 80%) were found in  some fields. No
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consistent factor was found to explain the  increase in  tim e to the  Ph.D. A 
study of th is m agnitude shows th a t  the Ph.D. process is a  very 
uncontrollable and  random  process and cannot system atically  be explained 
w ith  regression equations.
2. Bessent, E. W ailand, and A uthella M. Bessent. 1980. S tuden t Flow in  a 
U niversity D epartm ent: Results of a Markov Analysis. In terfaces. 10 
(2): 52 - 59.
This is an  in teresting  application of Markov chains to doctoral 
production. The study was conducted a t  the  D epartm ent of Educational 
A dm inistration a t  the  U niversity  of Texas a t  Austin. M arkov modeling was 
used to determ ine the  tim e to degree by m easuring the  tim e spent in  
tran sition  sta tes in  the  process. T heir goal was to predict the  num ber of 
qualified professors needed to supervise dissertations. The sta tes 
determ ined in  the  process were enrolled, w ithdraw n, advanced to 
candidacy, not advanced, and  graduated. D ata from 1969 to 1978 were used 
to calculate the  transition  m atrix  and the  associated probabilities. The 
study did not specify the  accuracy of the  predictions as com pared w ith  the 
actual data. I t  was realized th a t  the  best way to control the  process was 
th rough  regulation of adm issions, since i t  is possible b u t difficult to control 
the  studen ts already in  the  process. A "brake" can be applied to slow the 
studen ts , b u t they  can’t  really  be accelerated through the  process. I t  was 
found th a t  s tuden ts spent an  average of five sem esters before d issertation
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work s ta rted  and then  spent an  average of seven sem esters on the ir 
d isserta tion .
Given enough da ta  and num ber crunching efforts, sim ilar studies could 
be conducted a t  any departm ent of any university. The studen t's progress 
is tracked for each sem ester. I t  would be difficult to conduct such a  study 
because accurate records are  needed for each term  and date of adm ission to 
the  d issertation  for each student.
3. Abedi, Jam al and Ellen Benkin. 1987. The Effects of S tudents ' Academic, 
F inancial, and  Demographic V ariables on Time to the  Doctorate. 
Research in  H igher E ducation. 27 (1): 3 -14 .
This study used da ta  from the  Doctoral Records File from the  N ational 
Research Council extracted for UCLA for the  years of 1976 to 1985 (4,255 
s tuden ts w ith  complete data). A stepwise m ultiple regression w as used to 
determ ine significant variables in  determ ining the  m ean tim e to degree 
and  to ta l reg istered  tim e. The variab les were from demographic, financial, 
and  academ ic categories. Twenty-nine m ain  variables and  forty-nine 
in teraction  variables were identified for use. F  ratios and th e ir  level of 
significance were used to determ ine the  en tering  variables in  the  equation 
and  the  R and R squared were also m easured. The m ost im portan t effect 
on the  tim e to the  degree was the  source of support, th en  postdoctoral plans, 
the  num ber of dependents, sex, and  field of study. B u t the  overall equations
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yielded only an  R squared of 28.7% for the  to tal tim e to degree, and  R 
squared of 16.6% in  registered tim e to degree.
These low levels of R squared hard ly  seem significant for explaining 
the  variance in  the tim e to degree. Most of the variance is left unexplained 
and  once again points to the  g rea t random ness in  th is process. This study 
did use fewer variables th an  the study by Tuckman, Coyle, and  Bae and th a t 
m ay explain the  lower levels of significance.
4. Girves, Je an  E., and  V irginia W emmerus. 1988. Developing Models of 
G raduate S tuden t Degree Process. Jou rnal of H igher E ducation . 59 
(2): 163 -189.
This article is very sim ilar to others: a  regression equation is used to 
explain how different variables affect the  tim e to the  doctorate. This study 
used two stages of variables: the  first stage consisted of departm en t 
characteristics, s tu d en t characteristics, financial support, and  stu d en t 
perceptions of th e ir  relationships w ith  faculty. The second stage consisted 
of g raduate  grades, involvem ent in  one's program , satisfaction w ith  
departm ent, and  alienation. This study did try  to quantify  perceptions of 
the  departm ent more th a n  others. The F  te s t was used to te s t for significant 
differences a t the 1% and  5% levels. A total of 324 M asters and 162 Ph.D .s 
were used as da ta  from Fall of 1977 a t  Ohio S tate  University.
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The variables accounted for 30% of the variance in  the  tim e to degree for 
a m asters and  29% for the  Ph.D. Once again th is  study seems to explain 
little  of the  to tal variance in  th is process.
5. Bowen, W illiam G., G raham  Lord, and Ju lie  A nn Sosa. 1991.
M easuring tim e to the Doctorate: R ein terpretation  of the  evidence. 
Proceedings of the  N ational Academy of Sciences. 88 (February): 713 - 
717.
This critic cites possible m isleading da ta  used for studies in  
determ ining tim e to earn  a  doctorate. Most studies are  organized by the 
year in  which g raduates received th e ir degrees and  trace th e ir h istory  
backw ards. This type of analysis assum es th a t the  population has been 
stable over the  years. Bowen shows th a t th is has inflated the  m easure of 
the  m edian tim e to degree and the  increase in  tim e to degree. The inflation 
is due to the  decline over tim e in  the  num ber of doctorates produced per 
year. I t  is preferable to group studen ts by the  year th a t  they  s ta rted  the ir 
degree, b u t th is leads to the  difficulty of determ ining the  completion of the  
degree, since some students take  longer th an  ten  years to complete the 
degree. T racking a  group of students from s ta r t  to finish becomes a 
problem  since a very large period of tim e would be necessary to count 
everyone th a t  has received a  degree. Policies and o ther factors change over 
tim e and  ten  year old da ta  describe little  about the  cu rren t student
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population. I t  is suggested to create a cutoff point a t  10,12, or 16 years for 
th is  process.
As valid as th is article m ay be, all of the  studies found use d a ta  w ith the 
backw ard perspective. For CSM, such d a ta  would only be available on 
p aper records and would take  m any hum an  hours to code for com puter 
use. Also, i t  was desired to obtain a more cu rren t profile of g raduate  
studen ts .
A regression was perform ed on th e  CSM Ph.D. da ta  using  15 variables 
describing m ajor, residency, full tim e percentage, sponsorship, financial 
a id  term s, and  citizenship. Predicting th e  a ttem pted  hours w ith  these 
variables yielded an  R squared of only 40.8%, explaining little  of the  to tal 
variance. This resu lt, which has a h igher R squared value th a n  two of the 
published articles m entioned, illu stra te s  the  random ness in  the  hours 
tak en  for a  Ph.D.
The m ethod used for th ree  of these studies was the  regression equation 
technique and one article used M arkov chains. W hile in teresting , they  are 
no t very relevant to the  situation  a t  CSM. The goal of th is project was to 
determ ine characteristics of p a s t g raduates, discover i f  differences existed 
betw een groups, and  create a  sim ulation model of the  process. The process 
of earn ing  a  g raduate degree is quite random  and the  type of d a ta  




2.1 Introduction to Methodology
Once the  necessary records of CSM graduates were gathered, the 
m ethod of analysis needed to be determ ined. For each group of students, 
the  common sta tistics of average and  s tandard  deviation are calculated. 
Procedures m ust be determ ined to te s t for differences betw een groups.
Then a sim ulation model is  created using da ta  from the  groups. This 
chapter will illu stra te  the  sta tistica l tes ts  and  sim ulation concepts used.
For each group of students the  to ta l num ber of term s, to ta l a ttem pted  
hours, thesis hours, and  tim e taken  for a degree were m easured. 
Inheren tly  these  four num bers are  re la ted  to each other. For example, the 
num ber of hours taken  depends on the  num ber of term s. S tatistically , the 
relationship  betw een two variables is m easured by a correlation coefficient 
(Freund and Walpole 1990, 232 & 474). W hen the  coefficient is zero, the  two 
variables are  independent of each other; th a t  is, one doesn’t  affect the  other. 
W hen the  coefficient is +1 or —1, there  is a  perfect lin ea r relationship  
betw een the  two variables. Given the  high correlation coefficients in  Tables 
1 and  2, i f  a  characteristic, such as residency, is substan tia lly  different in  
one of the  areas of term s, hours, and  tim e, i t  is likely i t  is also substantia lly  
different in  ano ther area.
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Table 1: M asters Degree Correlations
H ours T erm s Thesis H ours
T erm s .580
T hesis H ours .803 .577
Tim e .424 .791 .446
Table 2: Doctorate Degree Correlations
H ours T erm s Thesis H ours
T erm s .790
T hesis H ours .906 .756
Tim e .360 .565 .272
I t  is observed th a t  for both degrees the  highest correlation is betw een to tal 
hours and  thesis hours.
2.2 S tatistics Methodology
To compare different groups of studen ts the database of stu d en t records 
w as used. C haracteristics of a  group were specified and  the  average and 
standard  deviation were calculated (Ryan, Joiner, and Ryan 1985, 186 - 190; 
F reund  and Walpole 1990, 418 - 427).




Average = X  = —
(2 .1)n
The standard  deviation, a m easure of the  spread of the  data , was calculated 
using the  equation
The variance, g 2, is the  square of the standard  deviation. By Chebyshev's 
Theorem, given the  m ean and  standard  deviation for a  random  variable X ,
deviations of the  m ean (Freund and W alpole 1990,150 - 152). The average 
was the  m ain  sta tistic  used to compare groups of students. The th ree  years 
of g raduates were defined to be the full population for the  statistics.
Once the averages are  calculated there  are  num erous ways to 
determ ine differences betw een the  groups. One m ethod would be to 
calculate the  sim ple difference of the  averages. For example, from Table 
B-2, chem istry m ajors take  2.79 more term s th an  all o ther m asters  m ajors. 
Some criterion could be established to denote substan tia l differences. For 
exam ple, i t  could be decided th an  a difference g rea ter th a n  one term  could 
be called substan tia l. The simple differences are found in  the  tab les of 
Appendix B.
f t  / f t
(2 .2)
3the probability is a t  least ^ tha t X  will take  on a value w ithin 2 standard
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Statistical tests were used as another m ethod of establishing 
differences. The sta tistical tes ts  are  based on norm al d istribution  theory. 
This theory assum es th a t  e ither the  sam ples come from norm al 
populations or th a t  they  are large enough to justify  use of the  properties of 
norm al populations (Freund and Walpole 1990, 415). The da ta  from the 
CSM graduates do not completely m eet these conditions. The th ree  years of 
g raduates have been defined as the  whole population and  the  distributions 
a re  not exactly norm al (see Appendix A, F igures A -l - A-6.) Also the  groups 
used in  the  tests, for example, residents and  nonresidents a re  no t sam ples 
of th e  population, they a re  the  population divided into two groups by 
residency type. Full details of the  statistical tes ts  are  found in  Appendix B.
Hence sta tistical tes ts  were used to te s t for significant differences bu t 
no t all assum ptions of the tes ts  were necessarily valid. I t  w as decided th a t  
sta tistica l tes ts  would be another m ethod th a t could be used to differentiate 
betw een groups; th is  te s t also took into account the size and  variances of the 
two groups. There is no exact m ethod to determ ine w hether two groups are 
d ifferent since the m ethod depends upon the  criterion established.
To te s t for equal m eans of two independent populations, i t  m ust first 
be established th a t the  variances are equal or not equal. To te s t the  
variances, a  hypothesis H0f is established th a t the  variances are  equal. The 
a lternative , Hn  is th a t  they are not equal. This is a two-sided test.
Given: the  variance of a  population of size n}
o2 the  variance of a population of size n2m
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Test: H 0: g )  = g \  
H j .  Gj  *  g \
The variance of each population is calculated, generating  s] , and  s\ where 
Sj is defined as the larger of and  s2.
An /v a lu e  is computed using the  ratio
/ = 4
s2 (2.3)
A level of significance of the  test, a ,  is determ ined. For th is  data , a  = .02 
was chosen. The level of significance is the  probability of concluding H0 is
false w hen i t  is actually true.
I f
f * f a
(2.4)
w here ^  is the  level of significance of the  / d istribution table, and n}- 1 and 
n2 - 1 a re  the  degrees of freedom, th en  H0 is rejected and the  variances are 
no t equal.
I f  the  variances a re  equal they are pooled in  testing  the  m eans. I f  the 
variances a re  no t equal th en  the variances are  not pooled in  testing  the  
m eans. To te s t the  equality  of the  m eans w ith equal variances a t te s t is 
used. The hypotheses are:
Test: H0:\ij - f i 2 = 0
Hj: i i j -LL2 * 0
The pooled variance is calculated using  the  equation
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S2 = S] (n]  ̂Sz ̂2 ^
p rij + n2- 2






w here ^ i s  the  level of significance of the  t distribution table, and n} +n2- 2  is
the  degrees of freedom, then  H0 is rejected and the  m eans a re  no t equal.
I f  the  variances are not equal, a  z value is computed using  th e  ratio
and  the  m eans are  no t equal.
A level of significance of the  te s t of the  m eans is calculated in  a  p 
value. A large p  value supports H0 s while a  sm all value of p  supports 
The p  value is compared w ith  an  a  level, for th is da ta  a  = .06 was used. 





the  value from a norm al table a t  a  x  level of significance, th en  H0 is  rejected
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Test: p > a  supports H0 
p < a  supports H1
The sta tistics program , M initab, was used to compute all of these tests. The 
resu lts of these tes ts  are found in  Appendix B.
U sing sta tistica l te s ts  th ere  are  characteristics which cause two or 
more of the  areas of term s, tim e, and hours to be longer or shorter th an  the 
rest. For the  M asters degree, chem istry m ajors and  chemical and  
petroleum  refining engineering m ajors took longer th a n  the  rest. The 
following groups - environm ental science m ajors, m a th  m ajors, m ineral 
economics m ajors, full tim e studen ts, Executive Program  studen ts, and 
Army officers - took less th an  others in  two or m ore of the  a reas mentioned. 
For doctoral students, those th a t  were chemical and  petroleum  refining 
engineering m ajors, or geological engineering m ajors, or residen ts, or 
citizens took longer in  a t  least two of the areas of term s, tim e, and hours. 
M ineral economics m ajors took less th a n  everyone else in  two areas. 
F u rth e r  studies could be done to explain why these groups had  different 
resu lts  from the  rest.
2.3 Sim ulation Methodology
B anks & Carson define sim ulation as "the im itation  of the  operation 
of a  rea l world process or system  over time." (Banks and Carson 1984, 2) 
S im ulation is becoming a  very im portan t tool of operations research  
because i t  is a  way to model real world system s. Actual da ta  are  used to
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build a model of a system, th en  item s are ru n  through the  model using 
random  num bers to approxim ate the  random ness of the  system .
N um erous runs of the  sam e conditions are  done and  th e  overall average 
gives the  approxim ate output of th a t  specific system . Changes can be m ade 
to the  system  and the  new output compared to the  old ou tpu t to see how the 
changes affect the  output.
Sim ulation allows for the prediction of resu lts  of a system , even when 
the  system  has not been physically built. For example, how m any fuel 
pum ps should a  new gas sta tion  in sta ll to resu lt in  short w aiting lines?
Also sim ulation allows the  u se r to a lte r a  real world model where i t  m ay 
not be practical to experim ent w ith the real situation. For example, 
changing grocery checkout service to a  single line from m ultip le lines m ay 
resu lt in  a line th a t snakes through h a lf of the  store. A simple example 
will illu stra te  sim ulation steps given by Banks and Carson (1984, 11 - 15). 
C onsider a  scenario in  which custom ers arrive a t  a  service window w ith  
in te ra rriv a l tim es d istribu ted  norm ally w ith  an  average of 2 m inutes and a 
s tan d ard  deviation of 1 m inute. The service tim es are d istributed  
exponentially w ith  an  average of 1.5 m inutes. I f  the  custom ers have to w ait 
they  form a  single file line and once the custom ers have been serviced they  
leave. This situation  will be used to exemplify the steps in  a  sim ulation.
Problem  Form ulation - The people dealing w ith the  problem  and the  people 
analyzing the  problem  need to agree on a sta tem ent of the  problem. The 
problem  sta tem en t m ay change over tim e though. For the  exam ple, the
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owner of the  service window w ants to find out how m any people are  served 
per hour.
Setting  of Objectives and Overall project p lan  - If  sim ulation is the  correct 
m ethod to approach the problem, an  outline of the  project needs to be 
developed. Questions th a t the project needs to answ er should be 
form ulated. I t  is decided th a t  sim ulation can be used for the  example, b u t 
the  owner also w ants to know w hat happens i f  the service tim e is 
decreased .
Model Building - The real system  needs to be studied so th a t  a  simple model 
of i t  can be constructed. More detail can be added later. There a re  m any 
different models th a t could describe one system. The model will also help to 
organize da ta  collection. The simple model of the service window is a 
custom er en tering  the  system , w aiting in  a  line if  necessary, obtaining 
service, and  th en  leaving the  system.
D ata  Collection - Using the  model as a  guide, da ta  are collected. The model 
build ing and  d a ta  collection m ay occur sim ultaneously. I t  m ay be realized 
th a t  some da ta  are  not available and the  model therefore needs 
reform ulation, or i t  m ay be desired to refine the  model in  which case more 
d a ta  are  necessary. Usually, da ta  collection account for a  large p a rt of the  
tim e needed for the  project. For the  example, the  analyst suggests th a t  da ta
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should be collected on the  tim e th a t  a custom er arrives, the  tim e th a t 
service s ta rts , and  the tim e th a t the  service is completed.
Coding - W ith m any sim ulation packages on the  m arket, little  actual 
coding is necessary. Some packages, such as Slam system , use icons to 
create a  netw ork, m aking the  model very easy to set up in  the  program .
The analyst codes the  simple model of the  service window.
Verification - The com puter program  needs to be checked th a t  i t  is running  
correctly. One needs to check th a t  problems, such as item s disappearing 
from the system , do not occur. The analyst checks the model and  m akes 
sure th a t  custom ers do not vanish  from the  system.
V alidation - One needs to compare the  rea l system  to the  model to m ake 
sure th a t  the  model represen ts the  rea l system  to some desired degree of 
accuracy. This stage m ay require changes in  the  model and  more 
verification and  validation. The analyst runs 200 custom ers through the 
system  and  checks to m ake sure th a t  the  distributions of the  actual 
custom ers do m atch  the  specified distributions.
E xperim ental Design - The model m ay be changed to rep resen t a different 
version of the  actual situation. Then the  num ber of ru n s for each situation  
needs to be determ ined. The analyst creates a sim ilar model to the  original 
model, b u t the  service tim e is decreased to an  average of one m inute
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exponentially d istributed. Both models are  run  and the num ber of ru n s are 
calculated using sta tistica l tests.
Production Runs and Analysis - Rims need to be done and  th e ir ou tpu t 
analyzed to te s t the system. O utput from different situations can be 
compared. The analyst th en  compares the  two different models to see how 
the  service tim e affects the  num ber of custom ers served per hour.
N um ber of Runs - I t needs to be decided if  the accuracy of the  ou tpu t is good 
enough. I f  the  ou tpu t is not accurate enough, more ru n s  need to be made. 
Increasing  the  num ber of ru n s  will increase the  accuracy of the  output. In 
the  exam ple the  analyst decides th a t  more accuracy is needed because the 
owner w ants a  sm aller range of the  output result. The ou tpu t of a  
sim ulation  will be a num ber and a  confidence in terval; the  confidence 
in te rval m eans th a t  some specified percentage of the  tim e the  actual resu lt 
will be in  the  confidence interval.
D ocum ent program  and report resu lts  - The operation of the  program  
should be docum ented for various reasons such as: o ther users, fu tu re  use, 
and  changes in  the  program . The resu lts  for the  different situations need 
to be docum ented to determ ine th e  resu lt of changes in  the  model. The 
a n a ly st fully docum ents w hat was done for fu rth e r use.
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Im plem entation - Depending on the success of the  work, the  model m ay be 
im plem ented. I t  is vital th a t  the people who defined the problem and the 
problem  solvers have communicated through the  phases of the  project. The 
owners of the service window m ust decide if  they  do w ant to im plem ent a 
fas te r server to increase the num ber of custom ers served per hour.
The ou tpu t from a sim ulation will be estim ates of various param eters 
of the  system. Num erous independent runs of a  sim ulation will give a 
range of estim ates for each param eter. To obtain a general idea of the 
range of a param eter a  confidence in terval is calculated. The level of 
accuracy can be specified for the confidence in terval; (1 - a )  is the 
probability th a t the  actual value of the  param eter will be in  the  confidence 
in terval. A typical value for a  is 0.05. The num ber of un its  of accuracy, e, 
m u st also be determ ined. For example, i f  i t  is desired to find the  average 
num ber of hours taken  by m asters studen ts plus or m inus one hour, then  e 
= 1 for th is  case. W hen a  and  e are determ ined the num ber of runs 
necessary to m eet these criterion can be calculated (Banks and  C arson 1984, 
427). The num ber of runs to tal is based on an  in itia l sam ple of runs. The 
following steps illu s tra te  the  calculation for the num ber of runs.
D eterm ining the  N um ber of Runs in  a  Sim ulation 
and the Confidence In terval
1. M ake R0, usually  betw een five and  ten, independent replications of the 
sim ulation, w here X  is the  value being sim ulated.
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2. Decide on a  for the  confidence in terval, and e, the  ± num ber of un its of
accuracy.
3. Compute the  sam ple variance, w ith X  from eq. (2.1)
f  j
• R 0 1 )  r=l (2.10)







is from a cum ulative norm al d istribution (Banks and Carson 1984, 494 - 
495).
5. Collect R - R 0 more replications of the sim ulation.
6. The confidence in terval for X , given the  population standard  deviation S 
from eq. (2.2), is calculated w ith
t a $ 
x - ^ L
t«  s— (~.R~n
< X < X  + -*------
(2.12)
w here t is the  value from a Student's-f d istribution w ith  R — l  degrees
(j.X-l) b
of freedom  and ^  level of significance (Banks and Carson 1984, 496).
The methodology explained in  th is  chapter formed the  theoretical 
base of knowledge for the  analysis used in  th is project.
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CHAPTER 3
SIMULATION ANALYSIS OF CSM GRADUATE DEGREES
3.1 Problem  Definition and  D ata G athering
At the  early  stages of th is project a  lis t of questions was created to 
generate  a  s ta rtin g  point for the  work. Included in  th is  lis t were such 
questions as:
1. How m any hours does the  typical m asters or Ph.D. studen t 
complete for a  degree?
2. How m any extra class hours are  taken  beyond the  requirem ents?
3. Is there  a  relationship betw een the  num ber of hours completed for 
a  degree and the  type of support the  studen t receives?
L ittle  inform ation was known about the  answ ers to these questions. Hence 
i t  was decided th a t  inform ation was needed about recent g raduates to 
answ er these types of questions. This da ta  would then  show if  there  were 
significant differences betw een groups of students. Then the  d a ta  could be 
used  to create a  sim ulation model of g raduate  studen ts going th rough  CSM.
The 3 years of M aster of Science, Professional, and  Doctorate degrees 
g ran ted  by CSM betw een Fall 1988 and  Spring 1991 were chosen as the  
background data . Records from 392 M asters degrees, 112 Doctorate degrees, 
and  18 Professional degrees were used. D uring th is tim e the  published 
requ irem ents rem ained fairly  constant. Also, each stu d en t would have a 
record in  the  detailed S tuden t Inform ation System  (SIS.) D ata  from the  Fall 
1988 to Spring 1991 were extracted from the SIS. This inform ation contains
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specific inform ation such as num ber of financial aid term s, citizenship, 
residency, sponsorship, etc. Mr. J im  Allen, of Inform ation Services a t 
CSM, produced all of the extracted data  files from the SIS. D ata  before the 
date of Fall 1988 were extracted from tapes off the  old W ang system  and 
contain only class and thesis hours, and type and num ber of term s. The 
d a ta  used contain only the  studen ts th a t received a  degree in  the  given tim e 
fram e. Inform ation on the  num ber of studen ts th a t  s ta rted  graduate  
studies b u t did not finish was not available. This is due to the  problem th a t 
some students take a  long period of tim e, some longer th a n  10 years to 
fin ish  a  degree.
These two sources of d a ta  were compiled into a  large Excel database. 
The hours and  term s were added together for the  two different sources. 
Some files contained m issing inform ation; w hen possible th is  was 
corrected w ith  inform ation from tran scrip ts  and  graduation  
announcem ents from the  R egistrar's Office. W omen who had  m arried  
during  th e ir  g raduate  career were sometimes lis ted  u n d er two different 
nam es in  the  system s; th is  was corrected. The few studen ts who had  
received both a  m asters and  a Ph.D. in  the  3 year tim e span  were entered as 
a  Ph.D. s tuden t in  the  database. The s ta r t  of a  degree w as defined as the 
sem ester of the  first g raduate  course taken  a t  CSM. The end of a  degree 
was defined as the  sem ester of graduation. The da ta  were counted th is  way 
to achieve a perspective on the  leng th  of tim e taken  for a degree. T ransfer 
courses could no t be counted tow ards the to ta l hours and  deficiency courses 
were counted tow ards the  to ta l hours. Doctoral studen ts m ay or m ay not
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have had  a  M asters degree upon en tering  a Ph.D. program  a t  CSM. There 
are probably some inaccuracies in  the  data , b u t th is was deemed to be the  
best d a ta  available and they  were in  a  usable form for analysis.
The inform ation of each stu d en t contains any g raduate  courses taken  
up to and  including the  sem ester in  which the  degree was obtained. The 
database includes the  following inform ation for each student.
M ajor D epartm ent 
Degree
D ate of Degree
L ength of C alendar Time for Degree (based on date  of first graduate  
course to the  date of the  graduation  for the  degree)
I f  M asters: left w ith degree or continued for a  Ph.D.
Executive Program  
Arm y Officer 
Non Thesis Degree 
R esident S ta tu s (based on s ta tu s  during graduation  sem ester)
Full Tim e Term s 
P a r t  Time Term s
Full Time % (Percentage of term s th a t  were full tim e)
Total N um ber of Term s 
Total A ttem pted Hours 
Total Thesis H ours 
Sponsorship S ta tu s
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Financial Aid Term s (Terms in  the  SIS during  which F. A. obtained) 
RA (received any research  a ssis tan t aid)
TA (received any teaching ass is tan t aid)
O ther (received any o ther aid - loans or grants)
C itizenship S ta tus
Using th is database, averages and  standard  deviations were obtained 
on the  num ber of term s, tim e, a ttem pted  hours, and  thesis hours for a 
degree. These averages were broken down for a  num ber of different 
characteristics, such as citizens receiving financial aid, departm ents, etc. 
Figures illu stra te  the  differences betw een groups. These d a ta  were 
presented  to the CSM G raduate Council on October 2 ,1991. (See Appendix 
A for tab les and figures).
3.2 Sim ulation
For more detailed statistics, the  da ta  were num erically  coded for use 
in  M initab. For example, if  a  s tuden t was a resident, a  one was assigned to 
th a t  cell, i f  the  studen t was not a  resident, a  zero was assigned.
Calculations were done th a t  compared one particu lar group of studen ts to 
everyone else to see if  th a t  particu la r group differed from the  rest. For 
exam ple, how long did i t  take  chem istry m ajors to get a M asters as 
com pared to everyone else? C hem istry m ajors took 9.38 term s as compared 
to all o ther m ajors which took 6.59 term s. U sing the  simple difference of 
th e  m eans, chem istry m ajors took 2.79 more term s th a n  all o ther m ajors.
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(See Appendix B for data). I t  appeared th a t  some characteristics had  larger 
affects on one or more of the 3 areas tested  (num ber of term s, tim e, and  
a ttem pted  hours).
The following calculations for the  m asters chem istry m ajors will 
illu s tra te  the  sta tistical testing  process.
In itia l S tatistics
C hem istry  m ajors n  = 16 Average term s = 9.38 S tandard  deviation = 3.40. 
All o ther m ajors n  = 376 Average term s = 6.49 S tandard  deviation = 2.69.
Test o f variances: H0: (3.40)2 = (2.69)2
HI:(3.40)2 * (2.69)2
U sing eq. (2.3)
(2.69)
From  tables f (MJ5J75) = 2.09
U sing eq. (2.4) /  = 1.60 <2.09 , therefore the  variances can be considered to
be statistically  equal.
U sing the  pooled m eans t e s t :
Test o f means: H0:9.38 -  6.59 = 0
H1:9 .3 8 -6 .5 9 * 0
U sing eq. (2.5)
, _ (3.40)215 + (2.69f375 
p 16 + 3 7 6 -2
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U sing eq. (2.6)
9-3» ~ 6-59 =4.02
Z 72\ l 6 +~376
U sing eq. (2.7), t = 4.02> ti025 390) = 1.96, and  H0 is rejected; the  m eans are  not
sta tistically  equal.
The F  te s t column on Tables B2 - B7 has a  * if  the  variances were not 
equal and  hence not pooled in  the m eans test. The p value column has a * if  
the  the  m eans were statistically  different, and  the  sta tistica l difference 
column has a > or < to illu stra te  the  direction of the  sta tistica l difference.
A fter a  discussion w ith  Dr. K idnay about possible sim ulation models 
i t  w as decided to sim ulate the  num ber of hours w ith regard  to fu ll/part tim e 
s ta tu s  and  support. Two different sim ulations were designed. One 
sim ulation models s tuden ts through the  system  based on degree and 
fu ll/part tim e sta tu s . The o ther sim ulation models studen ts th rough  the 
system  based on degree, w hether or not supported, and fu ll/part tim e 
s ta tu s . Support could be from sponsorship, research  a ss is ta n t aid, or 
teach ing  a ss is ta n t aid.
From  the  da ta  the  percentages on each of the  p a th s of th e  sim ulation 
w ere calculated. Then using M initab the  distribution  of hours for each 
desired group was calculated. I t  was decided to group th e  hours in  un its  of 
nine, th is  is the  largest num ber of hours th a t  can be tak en  as a p a r t  tim e 
student. Given the  distribution, the  cum ulative probability  d istribution  was
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calculated (Freund and Walpole 1990, 82 - 83). The m idpoint of each group 
of hours was used in  the  sim ulation.
Figures 1 and  2 illu stra te  the  models of the  sim ulations. In  the 
sim ulation there  are  points w here a  choice m ust be m ade regard ing  which 
p a th  to take; random  num bers are used to m ake th is choice. For each 100 
s ta rtin g  students there will be 78 M asters and 22 Ph.D.s. For example, to 
choose which degree the  random  num bers would be assigned as follows:
if  random  num ber equals 0 to .78 go to M asters p a th
if  random  num ber equals .79 to 1 go to Ph.D. p a th  
The execution of sim ulation #2 using the  random  num bers (.74, .32, .35, 
.87) would be as follows.
1. M asters or Ph.D.? - since .74 < .78 go to M asters p a th
2. Executive or regu lar program? - since .32 > .07 go to regu lar 
program  p a th
3. Supported? - since .35 < .38 go to supported pa th
4. Then using the  m asters supported distribution from Table 4, the 
random  num ber .87 falls betw een .862 and  .899, hence th e  num ber 
of hours is 112.5.
One observation has been generated; a m asters regu lar program  supported 
stu d en t who took 112.5 hours.
To illu stra te  a s tuden t being sim ulated through Figure 1, the  
decision m ust first be m ade w hether a  M asters or Ph.D. will be pursued; 
th is  is decided by the  firs t random  num ber. If  a  M asters is pursued, the  
nex t choice will be to enroll in  the  Executive Program  or not. I f  a  studen t
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pursues a regular m asters, th en  i t  m ust be decided w hether to be a p a rt 
tim e or a  full tim e student. I f  a Ph.D. is pursued only the decision w hether 
to be p a rt tim e or full tim e m ust be made. Then a t  the end of each p a th  the 
studen t receives an  assignm ent of the  hours taken  for the degree. Figure 2 
h as sim ilar paths, b u t i t  also takes into account if  a  studen t is supported or 
not. The percentages for the sim ulations were calculated from the  actual 
data . These percentages do not necessarily rep resen t the  percentages of 
incom ing groups of students.
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Figure 2. Sim ulation of Support and  H ours
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Table 3. D istributions for S im ulation #1
Hour Master PT Master FT Doctor PT Doctor FT
Ranqe Midpoint # CDF # CDF # CDF # CDF
[ 0 , 9 ) 4.5
[ 9 , 1 8 ) 13.5 1 .006
[ 1 8 , 2 7 ) 22.5 5 .037
[ 2 7 , 3 6 ) 31.5 13 .117
[ 3 6 , 4 5 ) 40.5 15 .209 2 .010 1 .016
[ 4 5 , 5 4 ) 49.5 16 .307 4 .030 2 .047
[ 5 4 , 6 3 ) 58.5 21 .436 12 .090
[ 6 3 , 7 2 ) 67.5 20 .558 21 .195 1 .021
[ 7 2 , 8 1 ) 76.5 21 .687 48 .435 9 .188
[ 8 1 , 9 0 ) 85.5 23 .828 32 .595 5 .266 2 .063
[ 9 0 , 9 9 ) 94.5 7 .871 33 .760 4 .328 2 .104
[ 9 9 , 1 0 8 ) 103.5 6 .908 19 .855 4 .391 2 .146
[ 1 0 8 , 1 1 7 ) 112.5 2 .920 8 .895 5 .469 3 .208
[1 1 7 , 1 2 6 ) 121.5 6 .957 8 .935 3 .516 4 .292
[ 1 2 6 , 1 3 5 ) 130.5 1 .963 7 .970 3 .563 6 .417
[ 1 3 5 , 1 4 4 ) 139.5 1 .969 3 .985 3 .609 5 .521
[ 1 4 4 , 1 5 3 ) 148.5 2 .982 4 .672 4 .604
[ 1 5 3 , 1 6 2 ) 157.5 2 .994 1 .990 2 .703
[ 1 6 2 , 1 7 1 ) 166.5 1 .995 1 .719 4 .688
[171 , 180) 175.5 1 1 .000 1 1 .000 2 .750 3 .750
[ 1 8 0 , 1 8 9 ) 184.5 6 .844 1 .771
[ 1 8 9 , 1 9 8 ) 193.5 1 .792
[1 9 8 , 2 0 7 ) 202 .5 4 .906 2 .833
[ 2 0 7 , 2 1 6 ) 211.5 1 .922 3 .896
[ 2 1 6 , 2 2 5 ) 220.5 2 .953 1 .917
[ 2 2 5 , 2 3 4 ) 229 .5 1 .969
[ 2 3 4 , 2 4 3 ) 238 .5 1 .938
[ 2 4 3 , 2 5 2 ) 247.5 2 .979
[ 2 5 2 , 2 6 1 ) 256.5 1 .984
[261 , 270) 265.5 1 1 .000
[ 2 7 0 , 2 7 9 ) 274 .5
[ 2 7 9 , 2 8 8 ) 283.5
[ 2 8 8 , 2 9 7 ) 292.5
[ 2 9 7 , 3 0 6 ) 301 .5 1 1 .000
Total 1 63 2 0 0 64 4 8
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Table 4. D istributions for S im ulation #2 - M asters
Master Master No Supp. Master No Supp.
Hour Supported Full Time Part Time
Ranae Midpoint # CDF # CDF # CDF
[0 , 9 ) 4.5
[ 9 , 1 8 ) 13.5 1 .008
[ 1 8 , 2 7 ) 22.5 5 .045
[ 2 7 , 3 6 ) 31.5 2 .022 13 .143
[ 3 6 , 4 5 ) 40.5 2 .014 2 .043 15 .256
[ 4 5 , 5 4 ) 49.5 5 .051 9 .141 14 .361
[ 5 4 , 6 3 ) 58.5 10 .123 1 3 .283 19 .504
[ 6 3 , 7 2 ) 67.5 26 .312 25 .554 17 .632
[ 7 2 , 8 1 ) 76.5 29 .522 1 1 .674 13 .729
[ 8 1 , 9 0 ) 85.5 29 .732 1 0 .783 17 .857
[ 9 0 , 9 9 ) 94.5 10 .804 1 0 .891 6 .902
[ 9 9 , 1 0 8 ) 103.5 8 .862 2 .913 4 .932
[ 1 0 8 , 1 1 7 ) 112.5 5 .899 3 .946 2 .947
[ 1 1 7 , 1 2 6 ) 121.5 7 .949 4 .989 2 .962
[ 1 2 6 , 1 3 5 ) 130.5 4 .978
[ 1 3 5 , 1 4 4 ) 139.5 1 .970
[ 1 4 4 , 1 5 3 ) 148.5 1 .986 1 1.000 1 .977
[ 1 5 3 , 1 6 2 ) 157.5 1 .993 2 .992
[ 1 6 2 , 1 7 1 ) 166.5 1 1.000
r 1 71 , 180) 175.5 1 1.000
Total 138 92 133
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Table 5. D istributions for S im ulation #2 - Doctors
Doctor Supported Doctor No Supp. Doctor No Supp.
Hour Full Time Part Time
Range Midpoint # CDF # CDF # CDF
[ 0 , 9 ) 4.5
[ 9 , 1 8 ) 13.5
[ 1 8 , 2 7 ) 22.5
[ 2 7 , 3 6 ) 31.5
.021[ 3 6 , 4 5 ) 40.5 1
[ 4 5 , 5 4 ) 49.5 2 .063
[ 5 4 , 6 3 ) 58.5
[ 6 3 , 7 2 ) 67.5 1 .05
[ 7 2 , 8 1 ) 76.5 1 .023 8 .229
[ 8 1 , 9 0 ) 85.5 3 .091 4 .313
[ 9 0 , 9 9 ) 94.5 1 .114 2 .15 3 .375
[ 9 9 , 1 0 8 ) 103.5 2 .159 2 .25 2 .417
[ 1 0 8 , 1 1 7 ) 112.5 5 .273 3 .479
[ 1 1 7 , 1 2 6 ) 121.5 4 .364 1 .30 2 .521
[ 1 2 6 , 1 3 5 ) 130.5 6 .500 2 .40 1 .542
[ 1 3 5 , 1 4 4 ) 139.5 3 .568 2 .50 3 .604
[ 1 4 4 , 1 5 3 ) 148.5 2 .614 3 .65 3 .667
[ 1 5 3 , 1 6 2 ) 157.5 1 .636 1 .688
[ 1 6 2 , 1 7 1 ) 166.5 2 .682 2 .75 1 .708
[ 1 7 1 , 1 8 0 ) 175.5 3 .750 2 .750
[ 1 8 0 , 1 8 9 ) 184.5 4 .841 3 .813
[ 1 8 9 , 1 9 8 ) 193.5 1 .864
[ 1 9 8 , 2 0 7 ) 202 .5 2 .909 4 .896
[ 2 0 7 , 2 1 6 ) 211 .5 2 .954 2 .85
[ 2 1 6 , 2 2 5 ) 220 .5 1 .90 2 .938
[ 2 2 5 , 2 3 4 ) 229.5 1 .958
[ 2 3 4 , 2 4 3 ) 238 .5 1 .95
[ 2 4 3 , 2 5 2 ) 247 .5 1 .977 1 1.00
[ 2 5 2 , 2 6 1 ) 256 .5 1 .979
[ 2 6 1 , 2 7 0 ) 265 .5 1 1.000
[ 2 7 0 , 2 7 9 ) 274 .5
[ 2 7 9 , 2 8 8 ) 283 .5
[ 2 8 8 , 2 9 7 ) 292 .5
[ 2 9 7 . 3 0 6 ) 301 . 5 1 1.000
Total 4 4 2 0 48
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The cum ulative probability d istributions and m idpoints were used as 
the  distributions in  the  sim ulations using Slam system . The sim ulation 
program  generates observations from the  distributions. A random  num ber 
betw een zero and one is generated, the  next la rgest cum ulative distribution 
value is found and  the corresponding m idpoint is used as the observation. 
As an  example using the  m aster p a rt tim e d istribution from Table 3, the 
random  num ber .102 falls betw een .037 and .117, so the  value of the 
observation would be 31.5 hours. In  the  sim ulation, "students" are created 
and  "run" through the  system  of probabilistic branches and  distributions 
for hours. The studen ts were batched into groups of 78 m asters and 22 
doctorates to collect an  average for th a t  group; the  num ber in  each group 
represen ts the  actual percentage breakdow n of degree types. Then i t  m ust 
be determ ined how m any runs should be performed.
A sam ple ru n  of ten  replications was done of sim ulation #1. For the  
M asters degree the  to ta l num ber of runs necessary were calculated as 
follows. Given R0 = 10.
U sing eq. (2.1)
^  _ (67.2 + 77.1 + 70.5 + 75.5 + 69.9 + 69 + 73.4 + 75.8 + 70.8 + 76.6)
A ----------------------------------------------—------------------------------------------- — 72.58
10
U sing eq. (2.10) sHrab)!<*'_72-5S)’
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W hich simplifies to
U sing a  = .05
s;  =  12.51
2 a ~  z .05_ — Z.025 
2 2
From  sta tistical tables
C = [0(1-025)]'' = [<S>(.975)]~‘ = 1.96
And using eq. (2.11)
l 2
Hence R > 49 will give the  desired level of accuracy for the  m asters 
studen ts .
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Table 6. Sum m ary of C alculation of N um ber of R uns
Ite m M aster Doctorate
a  = level of significance .05 .05
e = accuracy 1 2
Rim 1 67.2 127
Rim 2 77.1 158
R un 3 70.5 150
Run 4 75.5 150
Run 5 69.9 143
Run 6 69.0 169
Run 7 73.4 152
R un 8 75.8 147
R un 9 70.8 136
R un 10 76.6 141
X 72.6 147.3
°0 12.5 135.6
R > 49 130
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So a t  least 130 runs were necessary to satisfy the  level of significance and 
accuracy for both the  M asters and  Doctorates. A ru n  consists of a group of 
78 M asters and a  group of 22 Ph.D.s. Each sim ulation replication contains 
approxim ately 7 rim s.
The sim ulations were ru n  for 20 replications, generating  a to tal of 
approxim ately 132 m asters and  127 Ph.D. for each case. The output of the 
sim ulation gives the  average and standard  deviation for all of the m asters 
groups and  Ph.D. groups. Then a confidence in terval is calculated using 
eq. (2.12) w ith a  = .05, th is m eans th a t  95% of the tim e the  actual average 
will be in  the  confidence in terval. V ariations from the in itia l sim ulation 
were done as follows:
1. Decrease p a rt tim e hours by 10%
2. Decrease p a rt tim e hours by 20%
3. Increase the  percentage to Executive Program  to 10%
4. Drop percentage of m asters full tim e to 50% (from 55%)
5. Drop percentage of Ph.D. full tim e to 38% (from 43%)
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Table 7. R esults of S im ulation #1
Case Mas. Av q . SD Mas. Conf. Int. Ph.D. Avq  SD Ph.D. Conf. Int.
Basecase 69.0 ± 21.7 F65.3, 72.71 132 ± 42.6 F124.5. 139.51
1 66.1 ± 21.7 F62.4, 69.81 126 ± 42.0 F118.6, 133.41
2 63.0 ± 21.4 r59.3, 66.71 118 ± 42.6 F110.5, 125.51
3 68.4 ± 22.3 F64.6. 72.21 133 ± 43.5 F125.4. 140.61
4 68.1 ± 21.7 F64.4. 71.81 136 ± 44.0 ri28.3. 143.71
5 68.5 ± 21.7 F64.8, 72.21 133 ± 44.1 F125.3. 140.71
V ariations from Sim ulation #2 were done as follows:
1. Decrease non-suppported p a rt tim e hours by 20%
2. Decrease non-suppported full tim e hours by 20%
3. Decrease non-supported p a rt tim e hours by 20% and decrease non­
supported full tim e hours by 15%
4. All hours drop by 10% except Executive Program  hours
5. Increase the  percentage to Executive Program  to 10%
6. Increase the  percentage to Executive Program  to 15%
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Table 8. R esults of S im ulation #2
Case Mas. Avq. SD Mas. Conf. Int. Ph.D. Avq  SD Ph.D. Conf. Int.
Basecase 68.4 ± 21.3 [64.7f 72.11 134 ± 44.5 [126.3, 141.71
1 63.9 ± 21.7 160.1. 67.71 122 ± 43.1 [114.5, 129.51
2 64.6 ± 20.6 [61.0, 68.21 129 ± 42.8 [121.6, 136.41
3 58.8 ± 20.6 T55.2. 62.41 114 ± 41.5 [106.8, 121.21
4 62.1 ± 18.7 [58.9, 65.31 120 ± 40.6 [112.9, 127.11
5 67.6 ± 21.7 [63.8, 71.41 136 ± 45.1 [128.2, 143.81
6 65.2 ± 20.8 161.6. 68.81 135 ± 45.5 [127.2, 142.81
The resu lts of the  confidence in tervals a re  then  graphed to show the  
relationships betw een the in tervals. The analysis process of CSM 
g raduates has taken  the  original da ta  and computed sta tistics for 




The da ta  gathered for th is project gives a very detailed history of 3 
years of g raduate  degrees g ran ted  a t  CSM. Before th is project, sta tistics 
such as the  num ber of hours the  average m asters candidate completes 
were only guesses. The d a ta  presented  here are broken down into m any 
categories such as departm ent, year, residency, etc. The resu lts of the  da ta  
have surprised  m any people. No one had  thought th a t  the  average m asters 
takes 72 hours. These da ta  also show th a t  the  resu lts  from year to year are 
quite consistent.
There are  th ree  different types of m asters program s, Executive 
Program , m ilita ry  officers program , and  the  regu la r program . The 
Executive Program  studen ts in  th is  study were enrolled through the 
M ineral Economics D epartm ent in  a 42 hour, four term , nonthesis m asters 
degree program . The program  is aim ed a t  working professionals who w ish 
to fu rth e r th e ir  education. The courses are  tau g h t one day a  week. There is 
a  fla t tu ition  fee charged for th is  program ; residents and  nonresidents pay 
the  sam e am ount. In  Fall 1991 the  Environm ental Sciences D epartm ent 
added an  Executive Program .
The second special program  is the  m ilitary  officer program . U. S. 
Army officers have been sen t on a two year assignm ent to CSM to earn  a 
m aste rs degree in  operations research  e ither th rough  the  M athem atics or 
M ineral Economics D epartm ents. The officers take  from four to six term s
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and  are  required to reg ister as full tim e students. The officers m ust finish 
th e ir degree in  the given tim e period. S tudents not in  e ither of the  two above 
m entioned program s are  in  the  regu lar program . T hat is, they  a re  no t in 
any program  w ith fixed tim e lim its to obtain th e ir degree. The Executive 
Program  and the  m ilitary  officer program  had significantly different 
resu lts  for term s, tim e, and  hours from the  regu lar program .
4.1 Comments on the  D atabase Results
D istributions for term s, hours, and  tim e are quite widely spread out 
w ith  a  num ber of students a t  the  high ends of the  distributions. Averages 
also vary  quite a  b it by departm ent. For the  m asters, m ineral economics 
m ajors, m athem atics m ajors, and  environm ental science m ajors are  on 
the  low side of each of the areas, while chem istry is the  h ighest in  each of 
th e  areas. For the  doctorate, m ineral economics and  m ateria ls science are 
on the  lowest end, while there  is no departm ent which is consistently a t  the  
h igh  end of all of the  areas.
As expected, as the percentage of p a rt tim e term s increases, the  
num ber of term s and the  tim e taken  increase, while the  hours decrease. 
Noncitizens took a few more hours for the  m asters, b u t took fewer years for 
a  Ph.D. M asters students th a t  were residents took a  few more hours th a n  
nonresidents. Doctorate studen ts th a t  were residents took fewer term s and 
significantly less tim e th a n  nonresidents. The type of aid  did m ake some 
difference, TA’s generally  finished lower in  all th ree  areas. Those w ithout 
aid  did take  fewer hours, b u t more tim e.
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The th ree  types of m asters program s, Executive Program , M ilitary 
Officers, or R egular studen ts, had  very different characteristics of term s, 
hours, and  tim e. The Executive Program  students took the fewest hours, 
term s, and  tim e. M ilitary officers took a m axim um  of 6 term s, b u t had  a 
num ber of hours sim ilar to regu lar students because they  are  required to 
reg ister full time. Regular studen ts took more tim e and term s th an  
studen ts in  these  two special program s.
Due to the  full/part tim e rule and  funding type, some differences in
i
characteristics can be explained. There are  m any resu lts  s ta ted  here, 
though, th a t  cannot easily be explained.
4.2 Com ments on the  S tatistical Differences
The num ber of term s, tim e, and  num ber of hours are  correlated and 
hence if  a  difference appears in  one category i t  is likely to appear in  
another. For the  M asters degree, differences for the  num ber of term s were 
g rea tes t for m ineral economics m ajors, full tim e studen ts, Executive 
Program  studen ts, and  Army officers. All of these  groups had  fewer term s 
th a n  the  rest. The Executive Program  is tau g h t out of the  M ineral 
Economics departm ent. Army officers come to CSM in  the  M athem atics or 
M ineral Economics departm ents on a two year assignm ent, and  hence 
m u st fin ish  in  six or fewer term s. The Chem istry, Chemical E ngineering 
and  Petro leum  Refining , Geological E ngineering, and  M etallurgical 
E ngineering  D epartm ents all had  h igher num bers of term s th a n  the  rest.
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Looking a t the  tim e taken  for a  M asters degree, chem istry m ajors, 
geological engineering m ajors, and  residents take  significantly longer th an  
th e ir  counterparts. M athem atics m ajors, m ineral economics m ajors, 
sponsored students, full tim e students, Executive Program  students, Army 
officers, and  non-thesis studen ts all take less tim e th an  th e ir counterparts. 
This is probably due to the fact th a t  the  sam e group of people th a t  are in the 
Executive Program  or a re  Army officers fall into m any of these groups and 
pull down the  average for each characteristic.
The num ber of hours for the  M asters degree is h igher for chem istry 
m ajors, geological engineering m ajors, geophysics m ajors, continuing 
m asters students, RA’s, TA’s, and  those w ith  other types of aid. Some of 
these  groups m entioned m u st reg ister full tim e under the  fu ll/part tim e 
rule. E nvironm ental science m ajors, m ineral economics m ajors, 
residen ts, citizens, and  Executive Program  students took fewer hours th an  
th e ir  counterparts.
The resu lts for the  doctorate studen ts had  fewer statistically  
significant differences. This could be due to the  sm aller num ber of 
studen ts  in  th is  group. For the  num ber of term s, M ineral Economics had  
m any few er term s th an  the o ther departm ents and they  a re  also the  
departm en t th a t  aw arded the g rea test num ber of Ph.D.s. Two 
departm en ts, Chemical E ngineering and  Petroleum  Refining and 
Geological Engineering, took more term s th a n  the  rest. R esidents and  
citizens also took more term s th a n  nonresidents and  noncitizens. This m ay 
be due to the  fact th a t  the  residen t tu ition  is one th ird  th a t  of nonresidents
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and  hence residents had  less financial p ressure  to finish. Noncitizens are  
likely to be supported by th e ir foreign governm ents and  hence had  pressure 
to finish.
Differences for the  length  of tim e for a degree found th a t  full tim e 
studen ts finish more th an  a  year quicker th an  p a r t  tim e students.
Geological engineering m ajors, residents, and  citizens all took longer th an  
th e ir  counterparts for reasons sim ilar to those m entioned above and the  fact 
th a t  term s and  tim e are  correlated.
Differences in  hours found th a t  m ineral economics w as significantly 
lower th a n  all others and  chemical engineering and  petroleum  refining , 
m ining, those w ith  o ther aid, and  full tim e studen ts took more hours th an  
th e ir  counterparts. Those w ith o ther aid (fellowships and  loans) and  full 
tim e students probably had  more hours due to the  full tim e rule.
4.3 Com ments on Sim ulation R esults
The resu lts  of the  sim ulations are best seen in  F igures 3 - 6 .  The 
confidence in tervals can be in terp reted  to say th a t  for th e  m asters averages, 
95% of the  tim e the  resu lt w ithin one hour will be in  the  confidence interval. 
F or the  Ph.D. averages, 95% of the  tim e the resu lt w ithin two hours will be 
in  the  confidence in terval. The first sim ulation w as based on only the  full 
or p a r t  tim e s ta tu s  of the  students. Figure 3 for m asters averages shows 
th a t  the  biggest drop in  hours will be w hen the p a rt tim e studen ts hours are 
decreased by 10% or 20%. Increasing the  Executive Program  or decreasing
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Figure 3. Sim ulation #1 M asters Confidence In tervals
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Figure 5. Sim ulation #2 M asters Confidence In terva ls
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Figure 6. Sim ulation #2 Doctorate Confidence In tervals
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the percentage of full tim e studen ts had  little  effect on the  confidence 
in tervals. Sim ilarly Figure 4 shows the  resu lts for Ph.D. averages; the  
biggest drops are  seen w hen the p a r t  tim e students hours are decreased. 
This sim ulation gives an  idea of w hat would happen to the  expected 
averages for each degree i f  the full tim e ru le  were changed; the  hours 
would decrease rapidly.
Sim ulation #2 is based on w hether students are supported and if  they 
are full tim e or p a rt time. For the  M asters, dropping the  hours by 20% for 
nonsupported full tim e or p a rt tim e studen ts has about an  equal effect on 
the  range of hours. W hen the  nonsupported p a rt tim e and  full tim e 
studen ts hours are dropped 20% and 15% respectively, a  big decrease is 
seen for the  range of hours. Dropping all studen ts hours except those in  the 
Executive Program  also had  a  significant effect on the range of hours. The 
range of hours decreases significantly w hen the percentage of the  m asters 
studen ts going through the  Executive Program  increases to 15% from the 
cu rren t 7%. There are sim ilar resu lts  for Ph.D. studen ts lis ted  in  F igure 
6. Dropping nonsupported studen ts hours has a  g rea ter effect on the  p a rt 
tim e studen ts th a n  on full tim e students. Once again, there  is a large drop 
in  th e  confidence in terval w hen all nonsupported studen ts have th e ir  hours 
decreased. Dropping all studen ts hours by 10% except for Executive 
P rogram  studen ts also has a  fairly  significant effect. Changing the  
percentage to the  Executive Program  obviously did not have an  effect on the 
average for the  Ph.D.
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4.4 Conclusion
The purposes of th is  thesis were to analyze the  characteristics of the 
522 students who were aw arded CSM graduate degrees betw een Fall 1988 
and Spring 1991 and to use the da ta  collected to create two different 
sim ulation models. The d a ta  were obtained from two com puter system s 
and  combined into a  database. The tim e taken  for a  degree was calculated 
as the  tim e from the first CSM graduate course tak en  un til the  studen t 
graduated . Also m easured  were the  to ta l a ttem pted  hours, thesis hours, 
and  term s. These characteristics were m easured  for various groups such 
as departm en ts, residents/nonresidents, and  special program s.
S tatistical tes ts  were used to identify particu lar groups th a t  had  
significantly longer or shorter characteristics. I t  w as found th a t 
departm ental averages vary  significantly; the  C hem istry, Chemical 
E ngineering and  Petroleum  Refining. , and  Geology D epartm ents take  
m ore term s, hours, or tim e th a n  th e ir  comparison groups; while the  
E nvironm ental Science, M athem atics and  M ineral Economics 
D epartm ents take  less hours, term s, and/or tim e th a n  th e ir  comparison 
groups. M asters studen ts w ith  any type of financial aid (Sponsorship, RA, 
TA, or O ther) had  significantly more hours th an  studen ts w ithout financial 
aid; th is  is probably due to the  full tim e rule. Full tim e studen ts had  fewer 
term s and  years th a n  p a rt tim e studen ts for a  degree. The special 
program s - the  Executive Program , the  M ilitary Officers program , and  the 
non-thesis program  - had  significantly fewer term s, years, and  hours, b u t 
these  program s were se t up to be different. The Executive Program  is
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designed to be completed in  four term s and the M ilitary Officers m ust 
fin ish  in  six or fewer (including sum m er) term s. There a re  also more 
differences which are  sta ted  in  Appendix B.
I t  was decided th a t the degree type, fu ll/part tim e sta tu s, and 
w hether supported or not would form the  criteria  for the  sim ulations. The 
actual da ta  were used to generate the  necessary percentages and 
d istributions of hours for the  sim ulations. S im ulation #1 illu stra tes  a 
"graduation model" in  which degree type and  fu ll/part tim e s ta tu s  were 
used as criteria; Sim ulation #2 added the  criterion of w hether the  studen t 
w as supported or not. A basecase and  variations of each sim ulation were 
run . For the  first sim ulation, 69 hours were taken  on average for a  m asters 
degree; changing the  percentage to the  Executive Program  or changing the  
fu ll/part tim e percentages had  little  effect on the  hour average. B u t 
decreasing the  p a r t  tim e hours by 10% and  20% for the  m asters degree gave 
averages of 66.1 and 63.0 hours, respectively. For the  doctorate degree in  
S im ulation #1, 132 hours were tak en  on average; the  largest decreases 
w ere again  seen in  the  p a rt tim e hour decreases which lowered the  
averages to 118.6 and 110.5 hours. S im ulation #2 again saw th e  largest 
changes w hen the  hours were decreased by any percentage. D ecreasing 
the  nonsupported p a rt tim e and  full tim e hours by 20% resu lted  in  
decreases from 68.4 hours to 63.9 and 64.6 hours for the  m asters, and  for 
the  Ph.D . decreased from 134 hours to 122 and 129 hours. D ecreasing all 
hours except the  Executive Program  resu lted  in  g rea te r decreases to 62.1 
hours for the  m asters and  120 hours for the  Ph.D. A mixed decrease of 20%
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for nonsupported p a rt tim e and 15% nonsupported full tim e gave the  
g rea test decrease to 58.8 hours for the  m asters and  114 hours for the  Ph.D. 
The confidence in tervals for the  sim ulations are  depicted in  F igures 3 - 6.
This thesis has generated a  body of inform ation on th ree  years of 
CSM graduate  degrees; before th is study the m agnitude of the  differences 
betw een groups w as unknown. The range of resu lts is surprising, b u t i t  
reaffirm s the  fact th a t  the  process of earn ing  a  g raduate  degree contains 
m any random  factors. Overall, the  m ost surprising  re su lt is the  num ber of 
hours taken  beyond the  requirem ents, especially for a m asters degree.
Very few students actually  complete a  degree in  anyw here close to the  
num ber of required hours. This thesis has also shown th a t  sim ulation can 
be used to model th is  random  process of earn ing  a  g raduate  degree and 
estim ate  the  resu lts  for variations from the  actual conditions.
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FUTURE RESEARCH
This study investigated the  history of th ree  years of CSM graduate  
degrees granted  to obtain a  perspective on the situation. The issue of tuition 
equity  needs m uch more work to create new tu ition  struc tu res and  rules 
because of the  potential financial im pacts. Given the  differences in  term s, 
tim e, or hours of some groups of students, i t  m ight be in te resting  to account 
for th e  causes of these differences. How do th ings vary  from departm ent to 
departm ent? Those departm ents w ith  hands-on thesis research  m ay ju s t  
inheren tly  take longer th an  other departm ents. Do departm ents offer the  
required  courses on a  regu lar basis? I f  some of the  causes of a long tim e for 
a  degree were found, i t  m ay be possible to reduce the  tim e to a  degree in  
some departm ents.
The sim ulation for th is study was based on the  percentages of the 
graduates. I t  would be in te resting  to create a  sim ulation th a t  modeled the  
situation  from a students entrance into g raduate  school on a sem ester by 
sem ester basis. I f  possible, the  num ber th a t  left, took a leave of absence, 
dropped out, or re tu rned  from a leave of absence could be predicted for each 
sem ester. This type of sim ulation would need very detailed da ta  though.
O ther research  could be done on how m any graduate  studen ts each 
departm en t could handle based on capacity constraints. Resources for the  
model could include professors to advise studen ts, research  and  teaching  
a ss is ta n t aid, lab  space, desk space, etc.
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Any alternatives to the tu ition  schedule m ust consider the  potential 
financial im pact. Funding from the  S ta te  of Colorado is based on the  total 
hours registered; details about the  funding were no t available for th is study.
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A .l: EXPLANATION OF TERMS
n  = num ber of students in  category 
S. D. = standard  deviation
T o ta l T e rm s  - The total num ber of registered term s (both full tim e and  p a rt 
tim e) for a  group of students.
A tt. H o u rs  - The to tal hours attem pted  for a  degree.
T h e s is  H rs  - The p a rt of the total hours attem pted  th a t  are  thesis hours.
T im e  - The m easure of tim e in  years from the date of the  first g raduate 
course taken  to the  date of graduation.
A ll - All graduates over the  1989,1990, and  1991 years.
FT , F u ll  T im e  - S tudents whose term s were all full tim e term s.
Som e P a r t  T im e - S tudents w ith a t least one p a rt tim e term .
P T  - S tudents whose term s were no t all full tim e term s.
A ll P a r t  T im e  - S tudents whose term s were all p a rt tim e term s (no full tim e 
te rm s).
FT%  - Percentage (0,100) of term s th a t were full tim e
C IT , C itiz e n  - S tudents whose s ta tu s  (as of th e ir graduation sem ester) is a 
US Citizen.
C itiz e n  F u ll  T im e  - S tudents whose sta tu s  (as of th e ir g raduation sem ester) 
is a  US C itizen and  whose term s were all full tim e term s.
N o n  C itiz e n  - S tudents whose s ta tu s  (as of the ir graduation sem ester) is not 
a  US Citizen based on visa type.
N o n  C itiz e n  F u ll  T im e - S tudents who are not US Citizens (as of the ir 
g raduation  sem ester) and  whose term s were all full tim e term s.
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FA T  - N um ber of term s since Fall 1988 in  which some type of financial aid 
w as received
S o m e A id  - S tudents who received some type of financial aid  (RA, TA, or 
O ther) since Fall 1988.
S om e A id  F u ll  T im e - S tudents who received some type of financial aid and 
whose term s were all full tim e term s.
R A  A id  - S tudents who have received any RA (Research A ssistant) aid 
since Fall 1988.
R A  A id  F u ll  T im e  - S tudents who have received any RA aid since Fall 1988 
and  whose term s were all full tim e term s.
TA A id  - S tudents who have received any TA (Teaching A ssistant) aid since 
Fall 1988.
TA A id  F u ll  T im e - S tudents who have received any TA aid since Fall 1988 
and  whose term s were all full tim e term s.
O th e r  A id  - S tudents who have received any aid other th a n  TA or RA 
(usually  Fellowships or Loans) since Fall 1988.
O th e r  A id  F u ll  T im e - S tudents who have received any aid other th an  TA or 
RA (usually  Fellowships or Loans) since Fall 1988 and  whose term s were 
all full tim e term s.
SPO N , S p o n so re d  - S tudents who were sponsored by some governm ent 
(foreign or US [Army Officers, for example]).
S p o n s o re d  C itiz e n  - S tudents who were sponsored by a  governm ent and who 
are  US Citizens.
N o  A id  - S tudents not receiving any TA, RA, or O ther aid  since Fall 1988.
N o A id  F u ll  T im e  - S tudents not receiving any TA, RA, or O ther aid since 
Fall 1988 and whose term s were all full tim e term s.
ARMY, A rm y  O ffice rs  - U. S. Army Officers on a two year assignm ent to 
ea rn  a  M asters degree in  M ineral Economics or M athem atics.
EXEC, E x ec u tiv e  P ro g ra m  - S tudents in  a  4 term  nonthesis M asters 
program  in  the  M ineral Economics D epartm ent.
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Regular Students - S tudents who were not Army Officers or in the 
Executive Program .
NON.THE, N onthesis - S tuden t completing a  nonthesis M asters degree who 
were not in  the  Executive Program .
# Cont, Continuing to Ph. D. - S tudents who received a M asters from CSM 
and  were registered in  the CSM Ph. D. program  in  the  spring of 1991.
TERM., Left w ith M asters - S tudents who received a  M asters from CSM 
and  were not registered in  the  CSM Ph. D. program  in  the  spring of 1991.
RES, R esident - S tudents whose s ta tu s (as of the ir graduation sem ester) is 
a  Colorado resident.
N onresident - S tudents whose sta tu s  (as of the ir graduation sem ester) is 
no t a  Colorado resident.
CH - C hem istry D epartm ent
CR - Chemical E ngineering and  Petroleum  Refining D epartm ent
ES - E nvironm ental Sciences D epartm ent
EG - E ngineering D epartm ent
GE - Geological E ngineering D epartm ent
GP - Geophysical Engineering D epartm ent
MA - M athem atics and  Com puter Sciences D epartm ent
ML - M aterials Sciences D epartm ent
MN - M ining D epartm ent
MT - M etallurgical E ngineering D epartm ent
PE - Petroleum  Engineering D epartm ent
PH - Physics D epartm ent
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Table A-1. Masters Averages by Department
Departm ent n Terms S.D. Att. Hrs S.D. Th. Hrs S.D. Time S.D. # Cont
Chem istry 16 9.4 3.4 98 36 48 24 4.1 1.7 1
Chem. Eng. & Pet. Ref. 27 7.8 3.2 77 24 33 13 3.2 1.9 2
Engineering 9 6.3 1.0 61 17 35 16 2.5 0.5 0
Environ. Science 38 6.0 1.7 52 20 19 18 2.5 1.3 0
Geological Eng. 47 7.8 2.7 83 28 44 21 3.5 1.3 6
Geophysical Eng. 40 7.0 3.7 81 29 37 18 3.0 1.8 5
Mathematics & C. S. 29 5.6 1.3 67 17 22 8 2.3 1.6 5
Mineral Economics 81 5.3 2.1 60 21 14 17 2.3 1.6 8
Materials Science 1 1 7.5 2.1 79 22 44 17 2.8 0.7 4
Mining 15 6.1 2.1 82 28 32 15 3.1 1.9 2
Metallurgical Eng. 42 7.6 2.8 75 22 40 18 3.0 1.4 5
Petroleum Eng. 24 6.3 3.1 69 24 27 15 2.9 1.5 4
Physics 13 7.5 2.1 84 22 47 13 3.1 1.3 5
Table A-2. Doctorate Averages by Department 
Departm ent____________ n Terms S. D. Att. Hrs S.D. Th. Hrs S.D. Time S.D.
Chem istry 12 13.9 4.7 139 53 78 43 5.8 1.5
Chem. Eng. & Pet. Ref. 7 15.7 3.6 178 55 104 41 6.0 1.8
Geological Eng. 19 14.5 4.3 161 55 100 44 7.5 3.1
Geophysical Eng. 15 12.0 5.0 147 64 79 39 5.2 2.0
Mathematics & C. S. 3 15.0 4.6 135 33 83 39 7.7 4.5
Mineral Economics 26 9.6 2.9 107 31 40 19 5.6 4.3
Materials Science 4 10.5 5.5 114 46 65 31 4.5 3.0
Mining 2 16.5 5.0 214 7 106 48 6.8 0.2
Metallurgical Eng. 14 13.9 4.0 153 46 92 37 6.2 2.9
Petroleum Eng. 5 11.2 2.6 147 48 73 17 5.0 1.2
Physics 5 12.0 3.9 143 51 95 28 4.5 1.4
Table > I CO Professional Degree Averages by Categories
Category n Terms S. D. Att. Hrs S.D. Th. Hrs S.D. Time S.D.
Professional 18 5.2 2.7 42 28 9 12 2.9 1.6
Full Time 2 2.5 0.7 38 11 8 11 1.8 0.7
Part Time 16 5.6 2.6 42 29 9 12 3.0 1.7
1989 Graduates 3 5.0 2.7 36 23 10 9 2.6 1.2
1990 Graduates 7 4.7 2.6 35 22 5 9 2.4 1.3
1991 Graduates 8 5.8 3.0 50 34 12 15 3.5 2.0
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Table A-4. Masters Averages by Categories
Terms S. D. Att. Hrs S.D. Th. Hrs S.D. Time S.D.
All 392 6.7 2.8 72 26 31 20 2.8 1.6
Full Time 227 5.7 1.8 74 24 30 19 2.2 0.7
Some Part Time 150 7.8 3.1 72 29 33 22 3.6 1.9
All Part Time 15 10.2 4.3 40 13 15 10 4.9 2.4
1989 Masters 110 6.8 2.8 74 28 34 19 3.0 1.5
1990 Masters 134 6.3 2.5 72 26 30 20 2.6 1.5
1991 Masters 148 6.9 3.0 70 25 28 22 2.9 1.7
Citizen 299 6.7 2.8 68 25 29 21 2.9 1.6
Citizen Full Time 151 5.5 1.6 70 22 29 21 2.2 0.7
Citizen Part Time 148 7.9 3.2 66 28 30 22 3.6 1.9
Non Citizen 93 6.8 2.8 83 28 35 17 2.7 1.4
Non Citizen Full Time 76 6.2 2.0 80 25 33 16 2.4 0.7
Non Citizen Part Time 17 9.4 4.1 93 35 44 22 4.4 2.3
Some Aid 229 6.6 2.3 77 22 36 18 2.8 1.1
Some Aid Full Time 141 6.0 1.8 77 21 36 16 2.4 0.6
RA Aid 68 7.2 2.1 84 22 41 17 2.7 1.1
RA Aid Full Time 50 6.6 1.7 83 22 40 16 2.4 0.6
TA Aid 49 6.1 2.0 78 19 33 17 2.6 1.3
TA Aid Full Time 36 5.5 1.6 77 19 33 17 2.2 0.6
Other Aid 214 6.6 2.3 77 22 36 18 2.8 1.2
Other Aid Full Time 128 6.0 1.7 77 21 36 17 2.4 0.6
Sponsored 50 6.5 2.1 84 26 27 15 2.2 0.8
Sponsored Citizen 27 5.6 0.8 72 10 19 7 1.8 0.4
No Aid 163 6.8 3.3 64 30 23 21 3.0 2.0
No Aid Full Time 86 5.4 1.8 68 27 21 21 2.0 0.8
Army Officers 23 5.7 0.6 75 7 21 6 1.7 0.1
Executive Program 29 4.1 0.4 43 4 0 1 1.4 0.2
Regular Students 340 7.0 2.9 74 27 34 20 3.0 1.6
Non Thesis 8 5.5 1.5 74 14 19 11 2.1 0.5
Continuing to Ph. D. 51 7.1 2.2 86 28 34 18 2.7 1.4
Left with Masters 341 6.6 2.9 70 25 30 21 2.9 1.6
Resident 259 6.7 2.9 68 26 29 22 2.9 1.7
Nonresident 117 6.5 2.5 79 26 32 17 2.6 1.3
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Table A-5. Masters Averages by Department by Year
Department / Year n Term s S.D. Att. Hrs S.D. Th. Hrs S.D. Time S.D.
Chemistry 1989 6 10.3 5.3 109 43 60 27 3.8 2.1
1990 6 9.0 1.9 104 32 49 21 3.8 1.2
1991 4 8.5 1.3 71 21 31 13 4.8 2.0
Chem. Eng. & P. R.1989 13 7.2 3.1 77 26 33 11 3.4 2.4
1990 8 8.3 3.3 76 30 33 17 2.7 0.8
1991 6 8.5 3.8 76 10 34 15 3.6 2.0
Engineering 1989 0 — — — — — — — —
1990 5 6.2 0.8 58 20 32 20 2.7 0.3
1991 4 6.5 1.3 65 14 39 11 2.2 0.6
Environ. Science 1989 10 6.6 2.1 55 17 28 15 2.8 1.1
1990 9 5.8 1.8 70 13 39 16 2.7 0.8
1991 19 5.8 1.6 42 18 8 7 2.2 1.5
Geological Eng. 1989 17 7.4 2.5 83 33 48 25 3.3 1.2
1990 10 6.6 2.5 69 33 30 20 2.8 0.7
1991 20 8.7 2.9 89 19 48 16 3.9 1.4
Geophysical Eng. 1989 15 6.3 2.4 78 33 33 15 2.6 0.7
1990 12 7.1 3.9 88 31 44 21 3.2 2.0
1991 13 7.5 4.9 78 21 37 17 3.3 2.3
Mathematics 1989 3 5.0 2.0 44 17 16 13 2.4 1.2
1990 16 5.9 1.3 71 18 24 7 2.4 2.0
1991 10 5.3 1.0 68 10 21 9 2.0 0.7
Min. Economics 1989 15 5.7 1.9 65 22 20 15 2.6 1.0
1990 31 5.0 2.2 58 20 14 17 2.2 1.9
1991 35 5.4 2.0 60 21 13 17 2.2 1.6
Mat. Science 1989 1 7.0 — 60 — 33 — 2.7 —
1990 0 — — — — — — — —
1991 10 7.5 2.2 81 22 45 18 2.8 0.7
Mining 1989 6 5.5 1.6 74 19 28 13 3.4 2.8
1990 3 5.3 1.5 72 10 31 8 2.3 0.7
1991 6 7.2 2.6 96 38 36 21 3.2 1.4
Metal. Eng. 1989 15 6.7 1.8 68 15 38 12 2.5 0.7
1990 14 7.1 1.5 83 17 43 14 2.6 0.6
1991 13 9.2 4.1 76 30 40 26 3.8 2.1
Petro. Eng. 1989 8 7.5 4.2 77 25 30 9 3.5 2.0
1990 11 5.5 2.1 61 24 21 13 2.2 0.6
1991 5 6.4 2.7 76 21 33 23 3.1 1.4
Physics 1989 1 6.0 — 66 — 31 — 2.0 —
1990 9 7.9 2.4 86 26 48 15 3.3 1.5
1991 3 7.0 1.0 84 3 47 3 2.9 0.5
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Table A-6. Doctorate Averages by Categories
Category Terms S. D. Att. Hrs S.D. Th. Hrs S.D. Time S.D.
All 112 12.6 4.4 141 52 77 41 6.0 3.0
Full Time 48 11.9 3.9 153 49 84 35 5.3 2.6
Some Part Time 64 13.2 4.7 133 54 72 44 6.5 3.2
1989 Doctorates 43 12.8 4.8 145 59 79 48 5.8 3.0
1990 Doctorates 38 12.6 4.5 137 46 76 36 6.2 3.3
1991 Doctorates 31 12.3 3.9 143 51 76 36 5.9 2.9
Citizen 69 13.5 4.6 142 53 80 45 6.6 3.4
Citizen Full Time 18 12.0 4.0 151 48 88 40 5.7 3.6
Citizen Part Time 51 14.0 4.7 138 55 78 46 7.0 3.4
Non Citizen 43 11.2 3.8 141 52 72 34 4.9 1.8
Non Citizen Full Time 30 11.8 3.9 154 50 81 33 5.0 1.9
Non Citizen Part Time 13 9.9 3.4 110 43 50 25 4.5 1.4
Some Aid 70 12.8 4.5 151 52 84 38 5.5 2.0
Some Aid Full Time 35 11.9 4.0 152 51 82 34 5.1 2.1
RA Aid 21 13.0 3.5 149 39 91 27 5.4 2.2
RA Aid Full Time 14 12.3 3.1 147 38 91 26 5.1 2.3
TA Aid 14 10.8 2.6 136 40 68 21 5.0 1.8
TA Aid Full Time 8 10.9 2.2 144 43 70 16 4.7 1.5
Other Aid 68 12.9 4.5 152 52 85 38 5.5 2.1
Other Aid Full Time 35 11.9 4.0 152 51 82 34 5.1 2.1
Sponsored 14 12.1 5.2 146 58 75 38 5.4 3.6
No Aid 42 12.3 4.4 125 50 65 43 6.7 4.1
No Aid Full Time 13 11.8 3.7 157 44 89 39 5.8 3.8
Resident 62 13.5 4.5 140 51 80 43 6.6 3.3
Nonresident 40 11.0 4.0 136 50 68 34 4.7 1.8
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Table A-7. Doctorate Averages by Department by Year
Department / Year n Terms S.D. Att. Hrs S.D. Th. Hrs S.D. Time S.D.
Chemistry 1989 1 18.0 — 204 — 129 — 6.3 —
1990 5 14.6 6.3 144 68 80 53 6.2 2.2
__________ 1991______________6 12.7 3.4 124 37 68 34 5.4 0.7
Chem. Eng. & P. R.1989 3 14.0 3.0 156 35 86 37  5.2 0.8
1990 1 15.0 — 153 — 87  — 5.0 —
__________ 1991______________3 17.7 4.5 207 75 129 47  7.2 2.3
Geological Eng. 1989 8 1 5.8 5.2 1 82 5 2 1 2 1 5 1 8.4 4.2
1990 6 13.0 3.3 131 50 81 34 6.5 1.8
__________ 1991______________5 14.4 4.0 165 59  90 38 7.3 2.2
Geophysical Eng. 1989 6 12.0 6.3 139 89 70 51 4.9 2.4
1990 5 10.4 5.2 136 55 77 32 4.6 1.2
__________ 1991______________4 14.0 1.8 172 24 93 28 6.6 1.9
Mathematics 1989 0 — — — — — — — —
1990 2 17.5 2.1 154 9 106 4 9.8 3.5
__________ 1991______________ 1 10.0 — 97 — 38 — 3.3 —
Min. Economics 1989 14 9.5 2.5 103 32 37 21 4.9 3.0
1990 5 11.2 4.7 122 36 40  18 7.4 6.4
__________ 1991______________ 7 8.6 2.1 106 23 46 15 5.6 5.2
Mat. Science 1989 1 18.0 — 177 — 103 — 9.0 —
1990 2 7.0 2.8 83 23 42  17 2.8 0.7
__________ 1991______________ 1 10.0 — 114 — 71 — 3.3 —
Mining 1989 1 20.0 — 219 — 140 — 7.0 —
1990 0 — — — — — — — —
__________ 1991______________ 1 13.0 — 209 — 72 — 6.7 —
Metal. Eng. 1989 6 14.0 4.5 154 48 96 39 4.9 1.5
1990 8 13.9 3.9 152 48 89 38 7.1 3.4
1 9 9  1______________ 0 — — — — — — — —
Petro. Eng. 1989 1 14.0 — 211 — 94 — 6.7 —
1990 1 11.0 — 144 — 52 — 5.0 —
__________1991______________ 3 10.3 2.9 127 43 72  10 4.4 1.0
Physics 1989 2 12.5 6.4 147 89 97 47 4.5 2.6
1990 3 11.7 3.1 140 36 94 22 4.4 0.8
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Table B-1. Regression Equation for Ph.D. Attempted Hours
Regression Equation:
ATH = 19.1 + 20.9CH + 15.1CR + 49.2GE + 24.7GP + 35.6MA 
- 8.0ML + I20MN + 40.7MT + 24.3PE + 11.2PH + 36.0RES + 
.942FT% + 19.8SPON + 1.82FAT -11.4CIT
Predictor Coef. St. Dev. t- ra tio P
Constant 19.06 20.07 0.95 0.345
CH 20.90 15.98 1.31 0.195
CR 15.08 22.14 0.68 0.498
CE 49.23 13.08 3.76 0.000
GP 24.68 14.45 1.71 0.091
MA 35.57 26.57 1.34 0.184
ML -7.96 23.66 -0.34 0.737
m 120.00 47.11 2.55 0.013
MT 40.69 15.71 2.59 0.011
PE 24.25 26.77 0.91 0.368
PH 11.22 22.43 0.50 0.618
RES 35.98 19.61 1.83 0.070
FT% 0.94 0.21 4.44 0.000
SPON 19.79 14.44 1.37 0.174
FAT 1.82 4.59 0.40 0.693
CIT -11.39 19.66 -0.58 0.564




n | Avg. |
Masters 
S.D. |
- Total Number of Terms
Ratio | F Test| p value |Math. Diffjstat. Diff.





























































































































































































































3.42 5.68 0.27 -1.221
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Table B-3. Masters - Total Time in Years
































































1.20 1.48 0.00 -0.712 <























































































































































Table B-4. Masters - Total Attempted Hours 
























































































































































































































3.64 5.68 0.79 2.51
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Table B-5. Doctorate - Total Number of Terms 










































































































































1.48 1.93 0.11 -1.333
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Table B-6. Doctorate - Total Time in Years




















































































































































Table B-7. Doctorate - Total Attempted Hours 














































































































































A ppendix C 
S im ulation
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F igure C -l: S im ulation #1 N etw ork
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Figure C -l: (continued)
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F igure C-2: S im ulation #2 N etw ork
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F igure C-2: (continued)
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F igure  C-2: (continued)
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G E N . J U L I A  LONG, ATH2 MAI N , 9 / 2 3 / 1 9 9 1  , 2 0  . Y . Y . Y / Y  , Y . Y / S  . 72 :
L I M I T S .  , 1 . 7 0 0  ;
: ARRAY FOR FTMAST
ARRAY( 1 , 1 5 ) / . 0 1 , . 0 3 , . 0 9 , . 1 9 5 . . 4 3 5 . . 5 9 5 , . 7 6 , . 8 5 5 . . 8 9 5 , . 9 3 5 . . 9 7 . . 9 8 5 . . 9 9 . . 9 9 5 ,  1;  
ARRAY( 2 , 1 5 ) / 3 1 . 5 . 4 0 . 5 , 4 9 . 5 . 5 8 . 5 , 6 7 . 5 . 7 6 . 5 . 8 5 . 5 . 9 4 . 5 .  1 0 3 . 5 .  1 1 2 . 5 , 1 2 1 . 5 .  1 3 0 . 5 .  148.  
; ARRAY FOR PTMAST
ARRAY( 3  , 18 ) / . 0 0 6 . . 0 3 7 , . 1 1 7 , . 2 0 9 , . 3 0 7 . . 4 3 6 . . 5 5 8 , . 6 8 7 . . 8 2 8 , . 8 7 1 .  . 9 0 8 . . 9 2 . . 9 5 7 , . 9 6 3  
ARRAY( 4  . 1 8 ) / 1 3 . 5 .  2 2 . 5 . 3 1 . 5 , 4 0 . 5 , 4 9 . 5 , 5 8 . 5 , 6 7 . 5 , 7 6 . 5 , 8 5 . 5 . 9 4 . 5 , 1 0 3 . 5 . 1 1 2 . 5 ,  1 2 1 . 5 .  
; ARRAY FOR FTDOCS
ARRAY( 5  . 1 9 ) / . 0 2 1 . . 0 6 3 , . 1 0 4 , .  146 , . 2 0 8 . . 2 9 2 . . 4 1 7 , . 5 2 1 . . 6 0 4 . . 6 8 8 . . 7 5 , . 7 7  1 . . 7 9 2 . . 8 3 3  
ARRAY( 6  , 19 ) / 6 7 . 5 , 8 5 . 5 , 9 4 . 5 . 1 0 3 . 5 . 1 1 2 . 5 . 1 2 1 . 5 .  1 3 0 . 5 . 1 3 9 . 5 ,  I 4 8 . 5 , 1 6 6 . 5 . 1 7 5 . 5 . 1 8 4 . 5  
; ARRAY FOR PTDOCS
ARRAY( 7  , 21 ) / . 0 1 6 , . 0 4 7 . . 1 8 8 , . 2 6 6 , . 3 2 8 , . 3 9 1 . . 4 6 9 , . 5 1 6 . . 5 6 3 . . 6 0 9 . . 6 7 2 . . 7 0 3 . . 7 1 9 . . 7 5  
ARRAY( 8 , 2  1 ) / 4 0 . 5 . 4 9 . 5 . 7 6 . 5 . 8 5 . 5 . 9 4 . 5 , 1 0 3 . 5 , I 1 2 . 5 . 1 2 1 . 5 . 1 3 0 . 5 .  1 3 9 . 5 .  1 4 8 . 5 .  1 5 7 . 5 . 1  
S E E D S , 3 9 4 5 ( 1 ) , 1 8 3 4 5 ( 2 ) , 0 1 3 4 9 7 ( 3 ) , 3 8 1 4 7 5 ( 4 )  ;
NETWORK ;
I N I T I A L I Z E . . 4 0 0 , N;
F I N  ;
F igure C-3: S im ulation  #1 C ontrol S ta tem en ts
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G E N ,J U L IA  LONG,SUPP M A IN . 9 / 2 4 / 1 9 9 1  , 2 0  . Y , Y , Y / Y  , Y , Y / S  , 72 ;
L I M I T S . , 1 , 7 0 0 ;
;ARRAY FOR SUPPMAST
ARRAY( 1 , 1 4 ) / . 0 1 4 , . 0 5 1  , .  1 2 3 , . 3 1 2  . . 5 2 2  , . 7 3 2  , . 8 0 4 . . 8 6 2 , . 8 9 9  . . 9 4 9  . . 9 7 8  . . 9 8 6  , .  99  3 . i ; 
ARRAY( 2 , 1 4 ) / 4 0 . 5 , 4 9 . 5 , 5 8 . 5 . 6 7 . 5 . 7 6 . 5 . 8 5 . 5 . 9 4 . 5 . 1 0 3 . 5 . 1 1 2 . 5 . 1 2 1 . 5 , 1 3 0 . 5 , 1 4 8 . 5 . 1 5 7  
;ARRAY FOR NSFTMAST
ARRAY( 3 . 1 2 ) / . 0 2 2  . . 0 4 3  . .  1 4 1 , . 2 8 3  . . 5 5 4 , . 6 7 4 , .  7 8 3 . . 8 9 1  , . 9 1 3  , . 9 4 6  . . 9 8 9  . 1 ;
ARRAY( 4 , 1 2 ) / 3 1 . 5 . 4 0 . 5 . 4 9 . 5 . 5 8 . 5 , 6 7 . 5 . 7 6 . 5 . 8 5 . 5 . 9 4 . 5 , 1 0 3 . 5 . 1 1 2 . 5 . 1 2 1 . 5 . 1 4 8 . 5 :  
;ARRAY FOR NSPTMAST
ARRAY ( 5 ,  1 7 ) / . 0 0 8  , . 0 4 5 , .  143 . . 2 5 6 . . 3 6  1 , . 5 0 4 , . 6 3 2  . . 7 2 9  , . 8 5 7  . . 9 0 2  , . 9 3 2  , . 9 4 7  , . 9 6 2  , . 
ARRAY( 6 , 1 7 ) / 1 3 . 5 , 2 2 . 5 , 3 1 . 5 , 4 0 . 5 , 4 9 . 5 , 5 8 . 5 , 6 7 . 5 , 7 6 . 5 , 8 5 . 5 . 9 4 . 5 , 1 0 3 . 5 . 1 1 2 . 5 . 1 2 1 .
; ARRAY FOR SUPPOOCS
ARRAY( 7 , 1 8 ) / . 0 2 3 , . 0 9 1 , . 1 1 4 . . 1 5 9 . . 2 7 3 , . 3 6 4 , . 5 , . 5 6 8 . . 6 1 4 , . 6 3 6 , . 6 8 2 , . 7 5 , . 8 4 1 . . 8 6 4 . .  
ARRAY( 8 ,  1 8 ) / 7 6 . 5 , 8 5 . 5 , 9 4 . 5 , 1 0 3 . 5 , 1 1 2 . 5 , 1 2 1 . 5 , 1 3 0 . 5 , 1 3 9 . 5 . 1 4 8 . 5 , 1 5 7 . 5 . 1 6 6 . 5 . 1 7 5 . 5  
; ARRAY FOR NSFTOOCS
ARRAY ( 9 , 1 2 ) / . 0 5 , . 1 5 , . 2 5 , . 3 , . 4 , . 5 , . 6 5 , . 7 5 , . 8 5 , . 9 , . 9 5 , 1 ;
ARRAY( 1 0 , 1 2 ) / 6 7 . 5 , 9 4 . 5 , 1 0 3 . 5 , 1 2 1 . 5 , 1 3 0 . 5 , 1 3 9 . 5 , 1 4 8 . 5 , 1 6 6 . 5 . 2 1 1 . 5 , 2 2 0 . 5 . 2  3 8 . 5 . 2 4  7 
; ARRAY FOR NSPTDOCS
ARRAY( 1 1 , 2 0 )  / . 0 2 1  , . 0 6 3  , . 2 2 9  , . 3 1 3 , . 3 7 5 , . 4 1 7 , . 4 7 9 , . 5 2 1  , . 5 4 2 . . 6 0 4 , . 6 6 7 . . 6 8 8 . . 7 0 8 . . 7  
ARRAY( 1 2  , 2 0  ) / 4 0 . 5 , 4 9 . 5 , 7 6 . 5 , 8 5 . 5 , 9 4 . 5 , 1 0 3 . 5 ,  1 1 2 . 5 ,  121 . 5 , 1 3 0 . 5 , 1 3 9 . 5 , 1 4 8 . 5 . 1 5 7 . 5 :  
S E E D S ,2 7 3 4 8 7 (  1 ) , 9 2 3 4 8 5 ( 2 ) , 3 4 7 ( 3 ) .  1 4 8 9 3 ( 4  ) , 0 3 4 8 7 ( 5 ) . 2 8 1 3 7 6 4 3 < 6 ) ;
NETWORK;
I N I T I A L I Z E , , 4 0 0 , N;
F I N ;




S L A M  I I  S U M M A R Y  R E P O R T
SIMULATION PROJECT ATH2 
DATE 9/23/1991
BY JULIA LONG
RUN NUMBER 1 OF 20
CURRENT TIME .3015E+03
STATISTICAL ARRAYS CLEARED AT TIME .OOOOE+OO
♦♦STATISTICS FOR VARIABLES BASED ON OBSERVATION^
# EXEC
BATCH OF 78 MS 




STANDARD COEFF. OF MINIMUM 
DEVIATION VARIATION VALUE
OOOE+OO . OOOE+OO . 100E+05 .OOOE+OO
658E+02 . 201E+02 . 306E+00 .367E+02
135E+03 . 519E+02 . 384E+00 . 720E+02
♦ ♦HISTOGRAM NUMBER 2 ^










FREQ FREQ CELL LIM 0 20 40 60 80
♦ + + + + + ♦
0 .000 . 200E+02 +
0 .000 . 350E+02
1 . 167 . 500E+02
2 .333 . 650E+02 C
1 . 167 . 800E+02 C
2 .333 . 950E+02
0 .000 . 110E+03 +
0 .000 . 125E+03
0 .000 . 140E+03 +
0 .000 INF ♦---- + + + ♦ + + 4-









♦♦STATISTICS FOR VARIABLES BASED ON OBSERVATION^
MEAN
VALUE




BATCH OF 78 MS
t
. 658E+02 . 201E+02 . 306E+00 . 367E+02
♦♦HISTOGRAM NUMBER 3 ^







FREQ FREQ CELL LIM 0
0 .000 . 300E+02 +
0 .000 . 450E+02 ♦
0 .000 . 600E+02 ♦
1 . 143 . 750E+02
20 40 60
+ 80 100
F igure  C-5: Sam ple S im ulation O u tpu t
T-4144
0 .000 . 900E+02 + c
1 . 143 . 105E+03
1 . 143 . 120E+03
1 . 143 . 135E+03
1 . 143 . 150E+03
0 .000 . 165E+03 ♦
1 . 143 . 180E+03
0 .000 . 195E+03 +
0 .000 . 210E+03 +
1 . 143 . 225E+03
0 .000 . 240E+03 +
0 .000 . 255E+03 +
0 .000 . 270E+03 +
0 .000 . 285E+03 +
0 .000 . 300E+03 +
0 .000 INF +
— + +










♦♦STATISTICS FOR VARIABLES BASED ON OBSERVATION^♦
MEAN STANDARD COEFF. OF MINIMUM MAXIMUM NO.OF
VALUE DEVIATION VARIATION VALUE VALUE OBS
BATCH OF 22 PHD . 135E+03 .519E+02 .384E+00 .720E+02 .221E+03 7
t
S L A M  I I  S U M M A R Y  R E P O R T
SIMULATION PROJECT ATH2 
DATE 9/23/1991
BY JULIA LONG 
RUN NUMBER 20 OF 20
CURRENT TIME .3015E+03 
STATISTICAL ARRAYS CLEARED AT TIME 0000E+00
♦♦STATISTICS FOR VARIABLES BASED ON OBSERVATION^
# EXEC
BATCH OF 78 MS 




STANDARD COEFF. OF 
DEVIATION VARIATION
. 000E+00 . 000E+00 . 100E+05
. 690E+02 . 217E+02 .315E+00
. 132E+03 . 426E+02 . 323E+00
♦♦HISTOGRAM NUMBER 2♦♦ 

















FREQ FREQ CELL LIM 0
0 .000 . 200E+02 +
1 .008 . 350E+02 +
28 .212 . 500E+02
31 .235 . 650E+02
20 40 60 80 100
F igure C-5: (continued)
T-4144
32 .242 . 800E+02 C
28 .212 . 950E+02 C
4 .030 . 110E+03 +**
8 .061 . 125E+03 +**♦
0 .000 . 140E+03 ♦
0 .000 INF +---- + + + + + + + +
132 0 20 40 60 80






MEAN STANDARD COEFF. OF MINIMUM MAXIMUM NO.OF
VALUE DEVIATION VARIATION VALUE VALUE OBS
BATCH OF 78 MS
I
690E+02 . 217E+02 .315E+00 .344E+02
•♦HISTOGRAM NUMBER 3**
BATCH OF 22 PHD
. 123E+03 132
OBS RELA UPPER
FREQ FREQ CELL LIM 0
0 .000 . 300E+02 ■f
0 .000 . 450E+02 +
0 .000 . 600E+02 ♦
15 .118 . 750E+02 +**••**
6 .047 . 900E+02 ♦ **
19 . 150 . 105E+03
15 .118 . 120E+03
15 .118 . 135E+03
18 . 142 . 150E+03 +*******
8 .063 . 165E+03 ♦***
11 .087 . 180E+03 +*•**
7 .055 . 195E+03 +***
8 .063 . 210E+03 ♦***
4 .031 . 225E+03 +**
1 .008 . 240E+03 ♦
0 .000 . 255E+03 ♦
0 .000 . 270E+03 ♦
0 .000 . 285E+03
0 .000 . 300E+03gffcs.




















••STATISTICS FOR VARIABLES BASED ON OBSERVATION**
MEAN
VALUE




BATCH OF 22 PHD . 132E+03 .426E+02 . 323E+00 .687E+02 .227E+03 127
F igure C-5: (continued)
